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Description 

LOW LEAKAGE CURRENT STATIC 
RANDOM ACCESS MEMORY 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a static random access 
memory (SRAM), and more particularly, to a low leakage 
current SRAM. 

[0003] 2. Description of the Prior Art 

[0004] As semiconductor technology improves, the diameter of 
wafers have been increased from 8 inches to 12 inches, 
and the line widths of transistors have been decreased 
from 0.18 urn to 0.13 urn, or to 0.1 urn. However, while 
semiconductor technology improves, sub-threshold leak- 
ages and gate leakages of the transistors become more 
and more severe and influence the behaviors of electric 
devices more obviously. Therefore, with the reduction of 
the line width, the leakage currents can make operations 



of SRAM diverge from specifications. 

[0005] please refer to Fig. 1, which is a schematic diagram of an 
SRAM 1 of the prior art. The SRAM 1 has a plurality of 
SRAM cells 10, which are arranged as a matrix, for storing 
data. Each of the SRAM cells 10 connects to a correspond- 
ing pair of bit lines 18 and a corresponding word line 20, 
and is controlled by the word lines 20 and the pair of bit 
lines 18. The SRAM 1 further has a plurality of sense am- 
plifiers 24, which connect to the SRAM cells 10 via the bit 
lines 18. When data stored in the SRAM cells 10 are read, 
the sense amplifiers 24 amplify the data signal received 
from the bit lines 18. 

[0006] please refer to Fig. 2, which is a circuit diagram of the 
SRAM cell 10 shown in Fig. 1. The SRAM cell 10 is a 6T 
SRAM cell that is commonly and widely used in SRAM. The 
SRAM cell 10 has six transistors 12-16 and two power 
terminals SAP and SAN, where the power terminal SAP is 
connected to V and the power terminal SAN is con- 
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nected to V . The voltage level of V DD is usually positive, 
i.e. +1.5 volts, and voltage level of v ss is usually equal to 
zero volts. However, V ss may also be a negative voltage in 
specific applications. The two N-type metal-ox- 
ide-semiconductor (NMOS) transistors 12 of the SRAM cell 



10 respectively connect to V , and two nodes A and B. 
The two nodes A and B are connected to V via the two 
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P-type metal-oxide-semiconductor (PMOS) transistors 14. 
Moreover, node A is connected to the gates of the right 
NMOS transistor 12 and the right PMOS transistor 14, and 
node B is connected to the gates of the left NMOS transis- 
tor 12 and the left PMOS transistor 14. 
[0007] a flip-flop configuration is composed of the two NMOS 
transistors 12 and the two PMOS transistors 14 of the 
SRAM cell 10 so that data can be stored. When node A is 
at a logic low state, i.e. the voltage level of node A is ap- 
proximately equal to V , the right PMOS transistor 14 is 
turned on and the right NMOS transistor 12 is turned off. 
When the right PMOS transistor 14 is turned on and the 
right NMOS transistor 12 is turned off, the voltage level of 
node B is at a logic high state, i.e. the voltage level of 
node B is pulled up to approximately V dd - Moreover, when 
node B is at the logic high state, the left PMOS transistor 
14 is turned off and the left NMOS transistor 12 is turned 
on. When the left PMOS transistor 14 is turned off and the 
left NMOS transistor 12 is turned on, the voltage level of 
node A is pulled down. In this manner, the SRAM cell 10 
remains in a latched state. 



[0008] The two nodes A and B are respectively connected to the 
pair of bit lines 18 via the two NMOS transistors 16. The 
gates of the NMOS transistors 16 are connected to a cor- 
responding world line 20. The bit lines 18 and the world 
line 20 are used to control read/write operations of the 
SRAM cell 10. During a read operation of the SRAM cell 
10, the two NMOS transistors 16 are turned on by the 
world line 20 so that the voltage level of one of the two bit 
lines 18 is pulled up and the voltage level of another bit 
line 18 is pulled down. For instance, if node A is at the 
logic low state and the voltage level of the world line 20 is 
pulled up, the two PMOS transistors 16 are turned on. 
Meanwhile, the voltage of the left bit line BL is pulled 
down, and the voltage of the right bit line BLb is pulled 
up. 

[0009] However, when node A is at the logic high state and the 
voltage level of the world line 20 is pulled down to turn 
off the two NMOS transistors 16, a sub-threshold leakage 

flows from node A through the left NMOS 12 to V . Please 
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refer to Fig. 3, which shows the sub-threshold leakages 
22 of the SRAM cell 10 when the SRAM cell 10 is not ac- 
cessed. In this case, node A is at the logic high state and 
node B is at the logic low state. When the SRAM 10 is not 



accessed, i.e. in a standby state, the two NMOS transistors 
16 are turned off, and the voltage levels of the two bit 
lines 18 connected with the drains of the NMOS transis- 
tors 16 are below V . Because the voltage level of node A 
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is less than both V and the voltage level of the left bit 
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line 18, there are two sub-threshold leakages 22 respec- 
tively flowing through the left PMOS transistor 14 and the 
left NMOS transistor 16 to node A. Moreover, because the 
voltage level of node B is greater than both V ss and the 
voltage level of the right bit line 18, there are two other 
sub-threshold leakages 22 respectively flowing from node 
B to the right bit line 18 and the power terminal SAN of 
the SRAM cell 10. There are such sub-threshold leakages 
22 when the SRAM cell 10 is at the standby state, so if the 
number of SRAM cells 10 of the SRAM 1 is large, the total 
leakage of the SRAM 1 will be great and the operations of 

the SRAM 1 may become abnormal. 
Summary of Invention 

[0010] it is therefore a primary object of the claimed invention to 
provide an SRAM having low operating leakage current. 

[0011] According to the claimed invention, a static random ac- 
cess memory has a plurality of SRAM cells for storing 
data, at least a first switch unit, at least second switch 



unit, and at least capacitor. During read/write operations 
of the SRAM cells, the first switch unit and the second 
switch unit are turned on so that two power terminals of 
each SRAM cell are electrically connected to V and V 
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respectively and that the capacitor is electrically con- 
nected between V and V . When the SRAM cells are not 
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accessed, the first switch unit and the second switch unit 
are turned off so that the two power terminals of each 
SRAM cell electrically disconnected from V and V , and 
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the capacitor maintains a voltage gap between the two 
power terminals greater than a predetermined voltage 
value. 

[0012] | n an embodiment of the present invention, a static ran- 
dom access memory has at least a first wire, at least a 
second wire, a plurality of word lines, a plurality of pairs 
of bit lines, a plurality of SRAM cells for storing data, a 
first bias terminal for inputting V dd , a second bias termi- 
nal for inputting V , at least a first capacitor connected to 
the first wire for maintaining a voltage level of the first 
wire above a first predetermined voltage level, at least a 
second capacitor connected to the second wire for main- 
taining a voltage level of the second wire below a second 
predetermined voltage level, at least a first switch unit 



connected between the first bias terminal and the first 
wire having a first control terminal for inputting a first 
control signal, and at least a second switch unit connected 
between the second bias terminal and the second wire 
having a second control terminal for inputting a second 
control signal. Each of the SRAM cells is connected to the 
first wire, the second wire, a corresponding word line, and 
a corresponding pair of the bit lines. During read/write 
access of the SRAM cells, the first switch unit is turned on 
by the first control signal, and the second switch unit is 
turned on by the second control signal. 
[0013] | n an embodiment of the present invention, a static ran- 
dom access memory has a first bias terminal for inputting 
V dd , a second bias terminal for inputting V , a plurality of 
word lines, a plurality of pairs of bit lines, and a plurality 
of SRAM rows. Each of the SRAM rows has a first wire, a 
second wire, a plurality of SRAM cells for storing data, a 
first capacitor connected to the first wire for maintaining a 
voltage level of the first wire above a first predetermined 
voltage level, a second capacitor connected to the second 
wire for maintaining a voltage level of the second wire be- 
low a second predetermined voltage level, a first switch 
unit connected between the first bias terminal and the 



first wire having a first control terminal for inputting a 
corresponding first control signal, and a second switch 
unit connected between the second bias terminal and the 
second wire having a second control terminal for inputting 
a corresponding second control signal. Each of the SRAM 
cells is connected to the first wire, the second wire, a cor- 
responding word line, and a corresponding pair of the bit 
lines. During read/write operations of the SRAM cells of 
one of the SRAM rows, the first switch unit of the SRAM 
row is turned on by the first control signal, and the sec- 
ond switch unit of the SRAM row is turned on by the sec- 
ond control signal. 
[0014] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0015] pig. 1 is a schematic diagram of an SRAM of the prior art. 

[0016] pig. 2 is a circuit diagram of the SRAM cell shown in Fig. 1. 

[0017] Fig. 3 shows the sub-threshold leakages of the SRAM cell 
shown in Fig. 2 when it is not accessed. 



[0018] pig. 4 is a schematic diagram of a static random access 

memory in accordance with one preferred embodiment of 
the present invention. 

[0019] pig. 5 is a circuit diagram of the SRAM shown in Fig. 4. 

[0020] Fig. 6 is a timing diagram of a first control signal and a 
second control signal. 

[0021] Fig. 7 is another timing diagram of the first control signal 
and the second control signal. 

[0022] Fig. 8 is a schematic diagram of a static random access 
memory in accordance with another preferred embodi- 
ment of the present invention. 

[0023] Fig. 9 is a timing diagram of the control signals shown in 

Fig. 8. 
Detailed Description 

[0024] please refer to Fig. 4, which is a schematic diagram of a 
static random access memory 30 in accordance with one 
preferred embodiment of the present invention. Similar to 
the SRAM 1 of the prior art, the SRAM 30 also has a plu- 
rality of SRAM cells 10, a plurality of bit lines 18, a plural- 
ity of word lines 20, and a plurality of sense amplifiers 24. 
The SRAM cells are arranged as a matrix and controlled by 
the bit lines 18 and the world lines 20. The sense ampli- 



fiers 24 are connected to the SRAM cells 10 via the bit 
lines 18. The read/write operations of the SRAM cells 10 
are well known in the art and thus will not be repeated 
here. 

[0025] a major difference between the SRAM 30 and the SRAM 1 
is that the SRAM 30 further has a plurality of first capaci- 
tors 56, a plurality of second capacitors 58, a plurality of 
first switch units 64, and a plurality of second switch units 
66. One of the two terminals of each first capacitor 56 is 
connected to a corresponding first switch unit 64 and the 
first power terminals SAP of the SRAM cells 10 at the same 
row via a first wire 60, and another terminal of the first 

capacitor 56 is connected to V . One of the two terminals 
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of each second capacitor 58 is connected to a corre- 
sponding second switch unit 66 and the second power 
terminals SAN of the SRAM cells 10 at the same row via a 
second wire 62, and another terminal of the second ca- 
pacitor 58 is connected to V .In this embodiment, each 
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of the first switch units 64 is a PMOS transistor, having a 
source connected to V , a drain used for receiving a first 

DD a 

control signal SETP so as to turn on/off the first switch 
unit 64, the drain connected to a corresponding first ca- 
pacitor 56 and the first power terminals SAP of the SRAM 



cells 10 at the same row. Each of the second switch units 
66 is an NMOS transistor, having a source connected to V 
, a drain used for receiving a second control signal SETN 
so as to turn on/off the second switch unit 66, the drain 
connected to a corresponding second capacitor 58 and 
the second power terminals SAN of the SRAM cells 10 at 
the same row. 

[0026] jo describe how the SRAM 30 operates, please refer to 
Figs. 5-6. Fig. 5 is a circuit diagram of the SRAM 30, and 
Fig. 6 is a timing diagram of the first control signal SETP 
and the second control signal SETN. When the SRAM 30 is 
accessed, the control signal SETP is pulled down to a low 
voltage level to turn on each of the first switch units 64, 
and the control signal SETN is pulled up to a high voltage 
level to turn on each of the second switch unit 66. There- 
fore, V dd is applied to the first power terminals SAP of the 
SRAM cells 10 via the first wires 60, and the first capacitor 
56 are charged. Meanwhile, V ss is applied to the second 
power terminals SAN of the SRAM cells 10 via the Second 
wires 62, and the second capacitor 58 are charged. A 
voltage gap between the two power terminals of each 
SRAM cells 10, thus, is approximately equal to V dd ~ 
while the SRAM 30 is accessed. When the SRAM 30 is not 



accessed and is at a standby state, the control signal SETP 

is pulled up to the high voltage level to turn off the first 

switch units 64, and the control signal SETN is pulled 

down to the low voltage level to turn off the second switch 

unit 66. Therefore, V cannot be applied to the first 
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power terminals SAP of the SRAM cells 10, and cannot 
be applied to the second power terminals SAN of the 
SRAM cells 10. However, the first capacitors 56 and the 
second capacitors 58 are respectively charged by V dd and 
V , so the first capacitors 56 maintain the voltage level of 
the first wires 60 above a first predetermined voltage 
level, and the second capacitors 58 maintain the voltage 
level of the second wires 62 below a second predeter- 
mined voltage level. Hence, the voltage gap between the 
first wires 60 and the second wires 62 is kept greater than 
a predetermined voltage value so that the stored data of 
the SRAM cells 10 will not be lost when the first switch 
units 64 and the second switch units 66 are turned off. 
[0027] The total amount of the leakage currents of each SRAM 

cell 10 is proportional to the voltage gap between the two 
power terminals SAP and SAN. This means that the greater 
the voltage gap between the two power terminals SAP and 
SAN is, the greater the total amount of the leakage cur- 



rents of each SRAM cell 10. However, during the period 
when the SRAM cells 10 are on standby and not accessed, 
because of slight leakage current of the SRAM cell 10, the 
voltage gap between the two power terminals SAP and 
SAN is pulled down to be less than V — V . Compared 
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with the prior art, because the voltage gap between the 
two power terminals SAP and SAN is less than V —V , 
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the amount of the leakage currents of the SRAM 30 is less 
than the amount of the leakage currents of the SRAM 1. 
Moreover, because the two power terminals SAP and SAN 
are electrically disconnected from V and V when the 
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SRAM 30 is at the standby state, the SRAM 30 does not 
generate greater leakage current as in the prior art. 
[0028] it i S noted that the amount of leakage current of the SRAM 
cell 10 is reduced when the voltage gap between the two 
power terminals SAP and SAN is decreased. However, the 
slight leakage current of the SRAM cell 10 still makes the 
electric charge flow away slowly, pulling down the voltage 
level of the first wire 60, and pulling up the voltage level 
of the second wire 62. If the voltage level of the first wire 
60 is less than a first predetermined voltage level, e.g. 
+ 1.0 volts, and the voltage level of the second wire 62 is 
greater than a second predetermined voltage level, e.g. 



+0.2 volts, that makes the voltage gap between the two 
power terminals SAP and SAN less than a predetermined 
voltage value, e.g. 0.8 volts, and the data stored in the 
SRAM cell 10 will be lost. Therefore, to avoid losing the 
stored data of the SRAM cell 10, the first capacitor 56 and 
the second capacitor 58 need to be recharged if the SRAM 
cell 10 is at the standby state too long. Please refer to Fig. 
7, which is another timing diagram of the first control sig- 
nal SETP and the second control signal SETN. When the 
SRAM cell 10 is at the standby state, the first control sig- 
nal SETP is pulled down and the second control signal 
SETN is pulled up to turn on the first switch unit 64 and 
the second switch unit 66. When the first switch unit 64 
and the second switch unit 66 are turned on, the first ca- 
pacitor 56 and the second capacitor 58 are charged by V dd 
and V ss so that the voltage gap between the two power 
terminals SAP and SAN is increased. When the voltage gap 
between the two power terminals SAP and SAN is greater 
than the predetermined voltage value, the first control 
signal SETP is pulled up and the second control signal 
SETN is pulled down to turn off the first switch unit 64 
and the second switch unit 66. In summary, the first ca- 
pacitor 56 and the second capacitor 58 are charged ap- 



propriately, so the data stored in the SRAM cell 10 will not 
be lost until the power of the SRAM 30 is turned off. 
[0029] please refer to Figs. 8-9. Fig. 8 is a schematic diagram of 
a static random access memory 80 in accordance with an- 
other preferred embodiment of the present invention. Fig. 

9 is a timing diagram of the control signals SETPO-SETPn 
and SETNO-SETNn shown in Fig. 8. The major difference 
between the SRAM 80 and the SRAM 30 is that the SRAM 
80 has a plurality of the first switch units 64 and a plural- 
ity of the second switch units 66. The SRAM cells 10 at the 
same row are connected to the same first switch unit 64 
and the same second switch unit 66. The SRAM cells 10 of 
the SRAM 80 are divided into a plurality of SRAM rows 81. 
Each of the SRAM rows 81 has a plurality of the SRAM cells 

10 which are connected to a corresponding first switch 
unit 64 and a corresponding second switch unit 66. Each 
of the first switch units 64 is controlled by a correspond- 
ing first control signal, and each of the second switch 
units 66 is controlled by a corresponding second control 
signal. For example, the first switch unit 64 and the sec- 
ond switch unit 66 of the most upper SRAM row 81 are 
respectively controlled by a first control signal SETP0 and 
a second control signal SETN0. The operations of each 



SRAM row 81 are the same as the operations of the SRAM 
30. Take the most upper SRAM row 81 for example, when 
the SRAM cells 10 of the SRAM row 81 are accessed, the 
first control signal SETPO is pulled down and the second 
control signal is pulled up to turn on the first switch unit 
64 and the second switch unit 66. Therefore, V is ap- 
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plied to the first wire 60 of the SRAM row 81, and V is 
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applied to the second wire 62 of the SRAM row 81 so that 
the first capacitor 56 and the second capacitor 58 are 
charged. When the SRAM row 81 is at the standby state, 
the first control signal SETPO is pulled up and the second 
control signal SETNO is pulled down so that the first 
switch unit 64 and the second switch unit 66 are turned 
off. Therefore, the first capacitor 56 maintains the voltage 
level of the first wire 60 and the first power terminal SAP 
greater than a first predetermined voltage level, e.g. +1.0 
volts, and the second capacitor 58 maintains the voltage 
level of the second wire 62 and the second power terminal 
SAN less than a second predetermined voltage level, e.g. 
+0.2 volts. In this manner, when the SRAM cells 10 of the 
SRAM row 81 are not accessed, the data of the SRAM cells 
10 will not be lost until the power of the SRAM 80 is 
turned off. Moreover, the amount of leakage current of 



the SRAM cells 10 is decreased because of the decrease of 
the voltage gap between the two power terminals SAP and 
SAN. 

[0030] jo save electric energy, the SRAM rows 81 of the SRAM 80 
can be accessed sequentially. Please refer to Fig. 9. Every 
clock period, a first control signal SETPx is pulled down 
from high to low, and a second control signal SETNx is 
pulled up from low to high to turn on a corresponding 
first switch unit 64 and a corresponding second switch 
unit 66. Therefore, the first switch units 64 and the sec- 
ond switch units 66 are turned on sequentially to make 
the SRAM rows 81 accessible. Moreover, to avoid losing 
the data stored in the SRAM cells 10, the control signals 
SETPO-SETPn and SETNO-SETNn are pulled up or pulled 
down appropriately, similar to as shown in Fig. 7. The first 
capacitors 56 and the second capacitors 58, thus, are 
charged appropriately, and the voltage gap between the 
power terminals SAP and SAN is kept greater than a pre- 
determined voltage level. 

[0031] ^ is noted that the first capacitors 56 and the second ca- 
pacitors 58 can be the intrinsic capacitances of the SRAM 
cells 10 respectively. Therefore, when the SRAM 30 or 80 
is manufactured, it is not necessary to add extra capaci- 



tors to the SRAM. Moreover, the SRAM 30 and the SRAM 
80 can operate normally with the first capacitors 56 but 
without the second capacitors 56, or with the second ca- 
pacitors 58 but without the first capacitors 56. The volt- 
age gap between the power terminals SAP and SAN can be 
maintained only by the first capacitors 56 or by the sec- 
ond capacitors 58. The data of the SRAM cells 10, thus, 
will not lost when the SRAM cells 10 are at the standby 
state. 

[0032] | n contrast to the SRAM structure of the prior art, the 

present invention discloses an SRAM having at least a first 
switch unit, at least a second switch unit, and at least a 
capacitor. During read/write operations of the SRAM, the 
first switch unit and the second switch unit are turned on 
so that two power terminals of the SRAM are electrically 
connected to V and V , and that the capacitor is elec- 
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trically connected between V and V . Therefore, the ca- 
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pacitor is charged during the read/write operations of the 
SRAM. When the SRAM is at a standby state, the first 
switch unit and the second switch unit are turned off, and 
the capacitor maintains a voltage gap between the two 
power terminals greater than a predetermined voltage 
level. The data stored in the SRAM cells, thus, will not lost. 



Moreover, the voltage gap between the two power termi- 
nals of the SRAM cells is decreased when the SRAM is at 
the standby state, and leakage currents are decreased. 
[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the present invention. Ac- 
cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



